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(54) t>7^ECC^IftLfct'7 Y&VV* 

(57) [**)] 

[gn] DRAM^^y • ^ir^ttffi, X 

tTy hXtf P — K^7LS*J*i: £DR AM 

. -t/UiatmVfTlEV— K (ECW) ? 

^ • try h££j&u tnESfeov*— * £^ y * * ^> 

h £&MJ3m'<y7T X'tbZ S R AM^j£tiJ-*-5« SR 



S7 — 



T 

BL 

4. 



(2) 



4#ffl^6 - 8 9 5 9 5 



y t*&>oT, 

*vf j/ hs8l££^A,T-j3;S, ^y • • T u 

ft* try h»o5 t^ftaS^TC*^^ h»«:JH^SJ:5 

Y y^^Si:* ^ 
BU^Tf!*?- Ki7i/>f 

Hi&fitf)^-* • try h£**«£>^~y* • try hi: 
mfB***ttP- K*i:, lWIB*«*otrj/ h»^> ffl 

■y t*ctt*ufc»?>friEisi»"efcor, ^nfeA^feWria 

^mbfci^triEc?- ki-»«t*-* * try h^a>5» ^ 
%\z.^m%%"7-$ • try h^fiiE-r^. t^tiiEd]^ 

flfriaiRDtrjEiaK^frjESrifcLfcWJia^— ^ • try h 

[ffc#JR2] (X + N) ;£<7>ir~^£>bj&£® 1 ^> 

^-*»&Hfc:^T-^aiS#«2iatt^;rf * y Q 
[i»3jtJS4 ] mis* i o»^^>^-^«^ hox 

j»^Sk»Lri^»-&{c, miasu oft* !7 - K*ri/-f 



[11*16] fitiiE«S:*^C7- Klfc^JK i arftlwER 
3&«tt*»*«>tfy h**>±i-, ffiia»2*ffii-c*>ais:ft 

try hlMcWUTS^-iP ^fcfef 

y o 

#frbjZ*<0^^ Kn-A 4 try hSrStflfeSJ: 

[»5ftll 0] ^Hbi^-Y^^^^*^^^ 1 ^^^ * 
t ff y h**fltHBK0fTjE7— KOf x y ^ - tr y h t tr 

y. 

OftJlfi^-^ • f> hlcMt^^^tx • hf y 
-A ■ fy h^^^-T^ J: 5 OfS^O^ 

^ey 0 

[W*H 2] (W(B*«<O^V Kb-A • ^ai* U'- 

taffi^^)^^ ^ • try h<7}5 ^oi^-ftto^— ^ • 

^g^60^— ^ • t*y h 5 1 o$:J^la^-ii:^fca^)<7> 

ill 2fS^co^^- y 0 
[If^jgl4] ffUB^^E-y^, 4ooWJi2*:*-t'S*E 

K«^y^^a«^. ttjefl?f L y^^>mia4oo«i5a 

^HIBWo^^ey. 



(3) 



&ffl¥.6 - 8 9 5 9 5 



5] IMBta**** 1 - WIB«0njE7-F 
• f ? h£cDffi#£?2«t-3'<y:7T££A,-e^5IS# 

i^iiof-!? • t*y h£T K^tSfSi:- 

i#<7)^y h*fcfctt*Lfc*i y • 

-tr/ui. fs* • ^ 

iltjfay* y • ■fe/i' • t n'o^coMfa^^*' 75 ^^ ^ 
e^«fc»<73^^ y^ v^fti « 

*»fl»-r-^ • v-y v * • t-j/ hi 

ffita«H*B«>^-* • try h bmmw<r> s f-^vi> ■ 
/ * fc tttmiBBR 9 ttifljE^lfe-i*ffl-r 5 /< y 7 r t - 

ill itsM<n^yf ■ T-*t-9 ft. 
[»#*i9l fmialMfcro** y • *^ • r ^ ^ 

ffrSSy.-f y^v-y'^M&i:* tfjlEJifcoP-FttftSTi' 



^0 



[1**9 2 1 1 HiJfSP 9 ^t±S^ 9 PE***«. 

mac*. 2 2 ] smb* f?T 

[1**«2 4] lffllB***)^-* • * y ^ WE* 
_ k • T F u^{ff"§"l- <t ° "CtKsE £ ift'fcfiffiEISijf^* - F 

j: 5(cLfclS*ii2 3 Elans' 7" ■ 
[M#« 2 5 ] NIB* ^7 JJf*» l 0^7- 

feoHH©^-^ • t'y htlooi/0/<? K~aStH 

[11^2 7] IWE^f^r^a*. J5f*»iBI«>r 

^.y . ?■ X{0co^*y --t^i:Yl@CD7L 

7Lft-lr^ttStIiaxf@<7?^*y -t/i-fflJ^wSS^t 

»-e***^-c*>o, wiasaiiiRB. ^*'J 
r, 

«niB3Kifti#-w jfyKo^Djwuasv-c. #iia^-^*y -f-v 



30 



40 
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(4) 



7i>ib, «fJ|5^i9fTIE»-§-lSISSyn S /^«rl^*i-5^7 1 5' 
[M9K92 9] IMS*©?- K*fc*l 
• "t^ ■ TU-Yi. 

MESS l tDtt^*o e j/ hiKW 5 -feoMifif? l Bff^** 
©try #IfHttfc*^>7L« tr y h*©5%oWE 

twiaas i ©«***>^-**«>*** ^ d>ttfc\**a*4i 

2 ^ h^«5-fe»i^» 



^|g>p6- 8 9 5 9 5 

e 

[fftjjtlg34] /N-V'^^^f^s'^fTIE*^ 
tr«JW WBa^y^rfc*, UMBOS' ^ 

iC/^^y'f t law S S W** 3 3 ia*<*> 

jgissnfc^y 'rwr-fcot, 

i g^^^2*[S]{cKK$n&«IS*^^s' 
*-VTMW1B*2#i*ifcBBR+S-i£*'=" c ' ^ b 

[1***3 7] tftB«*#»P-F* , °** <D **** 5 

■7-Ki***i*«trs' h • 7-F£fatebri3^ Wis 

y h^stB&-*^L^is*gi3 6E««^^y 

-©^y • cousin t^ssta:;*^ . awfe*®* 
^-«r^ffi-t-5r.i:(cJ;orf!fs«iSccoy^y -t^o* 

« <7>-fe/K7>«fr* 9 «rff ft 5 ttft <75* T V^Sr^A/ 

co7C*-t/i- • r ^-cfcot, t^y 
•f- s £ £ tc «t o x mum.%. <n 3t« * * * 1:0 * ^ ^ 

[»*«3 9l S5E^ 2 co%S-tr^ • ru-C OSMEC 

-K»*lWiatf f h^»«-^iife-&^^^^ ;5l **^3 
50 8E«»/*y -f^. 



4<? 



(5) 



!ftffl¥.6 - 8 9 5 9 5 



[»*JR4 0] WE* 2 WTt**"' * 7 fJIfiyf* 

[IS^ifUl] *«<0^««l»»#«*'* 
«*©*;fc«^*>5*i ****** • 7?-fe*-f^# 
^r^-co^^y • t/no7 Ki^fcitfttt^L-O^SlSl 

t\ 

5 *>©'># < i t> l o»rt«WW«**fttf 

i, 

[M*xM2] Sflta^^y $rl^P#i'2o^ii»Sj# ; e 
WE fg-t t # n -^ffit' *> ORE fa e> n 

So 

■ /< y 7 r ^WJfPflr**rawf * * ^ f ^ st^^ 

I 0 0 0 1 ] 

7VfA - W^'^i 1 (DRAM) Sfi-©Mt 
(ECC) lH]!8i: f y h^%S«J*t ?~ K»%* 

& ©ft-fr* £*iS<t:i- S - t «c <fc o tra * © * f ^ 
co^9 SrfTIE-tSDR AMrotRDfnEtB*!**^'-, 



[0 0 0 2] 

[IJ^oaf] l 9 7 0¥ttt*»*DRAMOJHI«> 

^fc. sp*>, • f-y^fciifp-rsfc*^"***^ 

-dr^/^>-^^©1@-*»^^y • -fe^«r^*l-**J!?fiS: 
5 r. iliffitt kiMi^ 

[0 0 0 3] i*ttfc«UB3iifc**»W»»<>*»«>* 

» ^#iD-r-5« ^mv-vm. (hp 

iBn^^n-c^s^^-y •-&^»? | J) ib-ct,s<. 

v«*if5 u^an^^^^ , '^^ :E - !; • ^^^^ 

io-T, R AM^E E P ROMf* ©t^ti^rS^:"f 
<feofci#('l4. %gl»7FM-T^^. 

0 ( vield Enhancement Redundan 

cy Techinque) J tLfc. 1 9 7 3^8^14 BttT'* 
-5^ib .(Sumilas et al ) t» lt«ft S ill B Mtt 
ic^jg^ixfc. *S^WIS3 7 5 3 2 4 4f {V KM 
7lS«)*) ^. rjc«S*M-Bff«4^L 
7^AW^Sm-t-5i?^«:ffix.fcp< ; &y >iS*y-J* (Memo 
ry System With Temporary or Permanent Substitution 
of Cells For Defective Cells ) J t Ufc 19 7 3 
4£8M 2 8 01:7- y (Arzubi) (C*f bT^tr^iX 1 
BMttlC^ig^nfc, *l#fff3 7 5 5 7 9 lt(t' 

[0 0 0 4 ] 7L**fife^f+ISfi-rS«Sf»5*.©lo(c, 



(e) 



S^mW-e - 8 9 5 9 5 



9 



10 



st&ot<5) . a-^y^wfl^ 

[0 0 0 5] - coFp1J1I^^6^^ 
2 ^ ^ 1 * lt*>* 

TXPfe^^^ ■ -t/KrAJ^fc*' y v-y* 
• >c^y (Monolithic Memory Utilizing Defective St 
orage Cells ) J £ Lfc*B4«fr* 3 7 1 4 6 3 7 ^, 

y v-y^ ■ (Full Capacity Monolithic Memory 

Utilizing Defective Storage Cells ) J £ L-f'7fcH4# 
WfR 3 7 3 5 3 6 8^, r^ftl^ y ■ * 

JU&JR^IZ*; V is*? • (Monolithic Memory 

Utilizing Defective Storage Cells ) J £ 
fpjg3 7 8 1 8 2 6#*#HRS*tfc^ :tl^3ft^ 
mVm\*^irtlh* W. ^-^^^ CW. Beausolei 

So 

[0 0 0 6] *M***:oK:ojh/t\ «||l*Jc*tt6W5E #0 
Jlcfcofcfcfctf. i««fc«M8U*< tt6«rtBtt^*S 



rnbv^ix<75^>r^*7- wo) 

ff# (error correction code : ECO) tK¥^S 
/^ijf^ (horizontal-vertical parity : HV^'Jf 

tttttt, »a«, f-^^ffl^"^^ • try h ■ 
[0007] ::r\ »S«OA;y^ECcr^ 

-ai£9^ti}/*-i^^ (DED/SEC) tC 

i:l^^^ti-ci^f-^ ■ ^y hOjEL^I»«ft* 
S:Sto-rt>or-fcSo ECCnv^^^ ^y* ■ f 
y htffl^'Cf^^ * tTy h*:^* ht, ^LTECC 
^ K<z>*<7>^<7>t?y h^B8*fi- LtV>6^t* 
fcrfS/V Kn-A • t*y h^4t5J:5(ctr^5 0 

E C C !7 — K &\ 3JftS*i31«>fc«>^*a3SS8*^* SJ: 

[0 0 0 8] gEM^fcJ: 5 ^Sfl-^^^ttE 

CCS^I^^^TA^^^^^^Wfco 
[0 0 0 9 ] ^OWJBO»»:»tt. ECCS^^y 

• ^y^ne^i^^fr- 4:^*>*« ^^^^ 
>^y o^«itt«:i««)Sr.i:^r-#So as 

j-^jfj^ . T'^ir^ • (Single Chip Random Acc 

ess Memory With Increased Yield and Reliability 

) j t LtfL, 1 9 8 2¥6 R 1 5 Hfl"C S 7- (Mille 
r) (^LT^^tlt^i^ 4 3 3 5 4 5 9^ 



11 

t^9g»7-{fr^Cfc^OTfc5 0 co fats 
"9 S Z<DE CC !7— Kfi, 12t l >h (7^— ^ • try h 
*5 9, WbOt^y F^ECC[Hl8§(aorMI^6 
MS 8 try h(?)l/^^^ ii^biTSo 

try h*ai«Lr*-trj/ ho 1 /o^iTffiW 

^S!R I? ^Wftpc^y (Semico 

nductor Memory With An Improved Dummy Cell Arrange 
men! And With A Built-in Error Correcting Code Cir 
cuit ) j t Lfc, 1 9 8 9^3^28 0fttV>/ b 

(Shinoda et al ) te#LT«fT*ft H&ttfcBWStt 
fc, *®#fff§4 8 1 7 0 5 2-*Ha4, WHtft^^ - - 

— "fiyf^T^ is>fft'fTt£k>XiZ>b. 1 p — K 
C^f^Ci: 0»TIE*ril&£fc0) , 5 -t 

[0 0 10] JKfc8iJ*>WSe#M:, Kf7fTjE{cov^T^* 

]) • v^V^Y X (Semiconductor Memory Device HavingRe 
dundant Memory and Parity Capabilities ) J t L 
fc, 1 9 8 7^8^18 BttX'<? fr-m (Takemae ) {C 

8 8 2 1 9^ (7L*?iJl*^fc«)«>^y x-f * try 
cof&coy ^E- y • -tr;u<7)fc#><7>^!; r >f ■ try hco3§££ 

try bmKMm&) 1 9 8 8^8^3 
OBttf^^i (Takemae ) LT$8*T £*l*±il 

tt^»«*nfc*H»fl : JB4 7 6 8 1 9 3^ V ■ 

laot, HV-ECC^fA(7)fc^^!7 - 

J: 9 ivl L/t t>C0) , ^tliC, (Furutani et 

al) JC^&f&lSC rDR AMOfcJtXOM^^M^^ 
-^-ECCtH]^ (A Built-in Hamming Code ECC Circuit 
for DRAM's) J > I E E E y il y K • — MUK^* 



(T) W6- 8 9 5 9 5 

12 

— ■^-/U (IEEE Journal of solid-State Circuits) , 1 
9 8 9^2^, 1 24t, Slf, 1501-1561 

[0011] £4±cov^-fttco5lffl5:»ft{-*5^rfe, tz. 

it? _hla*SW»«4 6 8 8 2 1 9# (^^x) T-f3, « 
5c -hlS^S^fPSU 7 6 8 1 9 3^ (*/r-=?ai) T* 

try h^W^i: 7- K7L*«flfti:»W*r«ria:tf « J: 5 
/L^^co^^ey --t^w4, ^nbo^r^, ^5 

hi:ltECC[H!^»»^^7^fT, 

5 *^3SfcSUa>»8o^ # -Xa^d^o t < 5 * t 
40 fc, ecc^ IStfo^^^:^ b ic^^^^oir^^^co 

^^^^^ (BPt,«iBt*-f ^/KDffljM) fc«t, $>mg>m 
ftBs^^^^xA^aiar^r ^«c^-s e ^^^^^ 

50 ^A~K<)x7^sm:u^ti 



f < 

13 

SftSIir^So ECCtt*Jxb«>|»»oy*=X 
k ^ y 7 h ofsj^^il^^ ^ ^ 

», E C C A t tt ) ^ *ft^ - 

[0014] 

tt, >^y ■ ri/^^^t^^f^S^^i 
45B»tt, *yf^ECCOt#-hfc*l«i* 

try hKUw, ■ Ti/>fOt:^ h^ooftfr 1 ? 

fttt, 7^ir^3g®^Mffif m^ECC^ 

— * ^ y~f<0 7 — ^-f^f 

[0015] 



5) ^^6- 8 9 5 9 5 

14 

Lfcmia%* I?- K«r fctt* ufc^ t> fnEUBS 

Sir-* - h^fcs*^^^^**^^ * ^ h 
[0016] **W<z>3E«cSU<z>lo<z>aBtt, «gcf@<7> 

*-y • t^iofflft'efcSN^HfttfcSUat^ 

[0017] ^^CO^{CSUc7> 1 OOiiffite. " 

.^-7^^ 4Mk*tf>3i:*try h^<b, ffj 



15 

wjz&xy hmzmmzT K^tsr F^ft 

1^***^7!:* try mfcffl^SJ: 5«-i"S«**rff 

[0018] *8BoIwy©iooflS», 

\Z&m 1 #[p]K*t Hft £ 2 ^[Pit-BBS! S 

co _b , v> ^if yj&ytto'* * — v -CtfrlMG 2 *Ip1 t-ffiR 

[0019] *^^co5{cB'J(7> 1 o(Ogffill * * y • 
r W -c*> or mE*»**>* s> hfti^tt^r* 

w^iot/^ r^t cio^^-y ^y^(D 
mib« 1 2 s 

* y • *T yrfX-try^* 

[0020] #*W*>!ei-WJ*> 1 oco^ffitt, 1S^^^- 
WfMWt £Xtt*5«»^A#»S^*>£# 1 A 



f) WM2 p 6 _ 8 9595 
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St-fcot, Bf*^^*y ' ■ ^/u^tcfitl 

MfS*Sr««t»»3. W*lt*ofc'>ft<i:t)lo^ 
«*]»f»#^*<3^^^ f^Bfr^^>^^y • 7^i?.*•1^ 
<7}fttf^~- H<7) 5 *>^> 1 ocDlbfE^E— K£r^;bi~3S 2 r 
[0 0 2 1 ] 

[SMS0J] BU*tJ:5^ ^SW^S^^y 
5/^1 0 0 13 40<7>^ * h (4^lW QU 

ttffi^-^^ (4Mb) ^tltt^o 
.f^lOOIl »l 6 0 0^t*^ (16Mb) <D 

<C -f/^^J D R AMS^t) CO (gP^lficOF 

K (Dennard ) ^Lr»tT*iX I BMttiC 
^^^nfc^S4#fPm 3 3 8 7 2 8 6 #^»fi»^IB* 
SIXTHS. mb^D --t/H4, #^*>^^^a^a 

^ ^ntco^r«, i 9 8 9^i 

^{^^ (Kenney) {C^ It »ff * tl I B Mtt^Ktt 
§nfc*HWW!B4 8 0 1 9 8 8*«r#«Shfc^o 

[0 0 2 2 ] ^K^^h©**^ ^^*K7^h 

5c nF7yh«»rwh i/o/^K5ot© 



(10) 



4#§Bip6 - 8 9 5 9 5 
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.^ 7 \)^if\0, V- FK&TUJ 2 0 , ^OfTjE 
HISI (ECC) 30, «UCSRAM4 Otffcin-O" 

?I4. ftLt r/^^WVj *5t-C*SEKtrfc5. BP 

fefrXhh, ECC30IJ, QUAD3W*!) ■ */> 
tf&oT, fllE'/m.mWy H&SRAM4 /<? 
y h& I /0/«s> K 5 O-K&W-rS. C©i S?? 

B^^A^^fODi/j/? • -/o y ^~cog£$|cO;g:£tcJ; 

J; o r i&*D £ ft 5 T * * * & */hKfc tti 5 i ^ 

[0 0 2 3] -^coffiraJSiaiHlSS (#12.127 K • 7 s =■ 
^j,7 7 , ^ p • i?sc^U— <?, *<*) 14- 

tgoT^S. i/o^s-KBOli. fy^oWB 

i|i»«)Bi«:e»***«W^A^J: RCiBiSS 

i / off -§-14 , ^*F?vhii fcflWfc ^»7rt 
Sijlctt*!) (SP*>. ?tH5^ho**K. tn 30 
K9> M:M«3'<y7rtitT*>S) , 

* hQUAD 0-QUAD 3 ^^(CSUfi 

[0 0 2 4 ] H 2 14. liro^F7^hQUAD3» 
^B^Bl~B4lC»mfc!!, tnbi^^f? i- 

o-t^^v h*»b«*u-ca>*. tot, a-** #» 

hf48oco-^y^ -y V S 1 — S 8 £H»*.-Ci^£>. 
=g-^ * ¥'y S M44 0 9 6;£c07 — K^^r-^Ayr-V^ 

(7- K»«>n-r * H4, ^WLT-^ii^-c-ifc 
5).#t^yFSi~s8ii, ui2#otr?h 

y?7^©ISAl-SA4*fx.ti3*), -tftibiz 



/yf 3 -^62A, 62Bt, ?tK7Vhnf®4 

-cD^^^^-hTtc«f»TurMS!:bfc4 o 9 efsor?- 

(f.f3-y6 4A, 64Bt*>t3i*$tir^5. 0 
y-7> , <D^&\Z*m£tlX-}i<9 . 2 fp CO ■C^t^l^-«^'^ 

tie, 2«»? f s^tisu^^vh© 

*C <5 o 

[0 0 2 5 ] El 3 14, Hl£.tflll2<0!f*c0«ft^n y 

/I, (row enable) flT*T**> 6tf "f ' 7 * -< Xfg 

-§• (RE) f^/l""^?"** S-tf-«t^"C- 

(RE ■ PHASES) 7 0^»SW. t 
^?,(D«*»ft-§-«3%«lo^, ri/4^ns'^51 
Rj (1/4 • B LOCK • SE LECT) 7 
-^/H., ri/4^n ??m$l} 7 2 14, CCO^ 

s^^iiiiKit f>Ht^57 KM • /< j/ 7 T *t/tc*/ 

2ffi('tlS-r5ff#A 9 t Al 0 tS:S:W*5o I" 1 / 
4^n -y^iltRj 7 2 14, * K5vh»4>©4 0 9 
6*coi7- Fi8ftro5*><^l 0 2 4*i>W5 7- 
5:lo3liR-r51><7)r-fo5« *fc, w» ri/4^ns/ 
^SJRj 7 2l4l-^"^ft-g-E«riiaib, 
TOHM-Ett, Uto^'J^-^ ^ ROW • PRE " 

DEC) 7 4i, tCOl^Lt7*0 7^o4 ! ©*'*5 1 

(WDEC) 76A-76DO, * -* CO-T a - 
^goH^blo-^orofa-yi*. 'T^— 

S*t, -?rU-C-e*vicJ:or. 5 12*©P-K»i>b« 
•545- -£ >• h co 5 *3 » l ^<7> 7 — K^^SJR S ti5» 
[0 0 2 6 1 0414, ' 
/fll(SHS:*-r. WLfty-KiWLirotE*^ 
T455Ciiaot, PlfMOS ■ FET (P 0 9) A* 

14, I 98 8¥7fli:i' F* Utoh) Ic^LtSffi^ 
4x 0i:tt('^«^^^*S»^^^^ RE 3 2 7 0 8 

lot, -tv^rv^tt. sv^wtttsz^tfj-h 
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BUT tBCtlZfe&Ztl-Cte*) , ifc***«^B* 

|W^4^Wof:|C, RE ■ PHASES 7 0^ 

7yy7 1©, nl7J/f 71Ntpi75'f 71P^ 
#-fcyhS*l6. nl7^71ll tTyMfcBTfcB 

14, try b^BT£BC£. Wb©«Stt^^ 

[ 0 0 2 7 ] -4xJ:DWVH3*:#B8brRW-rS^, 
EA_h<Z>*iflM4. 10(D^F7yh^^S1112 

& y J? 'Cjh&FM % — (column enable ) fE^ 

CEM^T^^^Haot, -0>tTy h -^a-H 

7 1?^. \fy V<D0-h<O, *±ffi<Z>try H A7^bA 
1 0*t?^, W^a — y (COL * DEC) 8 2(Cj:o 

a— FSrfTfc»r\ ^iaot, #nF7>hOH 

i 2$$<ot*y vitk»<o5%**h 1 3 9**«otry hmn& 

k'*X • h^y^^Nl 5, Nl 6* 
^-Vpj-^iT,, ^LTWbh7V^^Nl5, N 

KDfTiE^tTftfc^fc*^^ ECC20taortI 
jEfeaaSrKSiXjtl 2 8 try h^, SRAM40Ai:S 
R AM 4 0B^fCfS«^n^ o *fc, &*)<OT F^ ■ 

try hAi~A6i^ijyyT^-^8 4(aoi:T^- 

K£*U *rftU:<fcoT 128t> ho5t>36*b 2 tfy V 
(SRAM 4 OAi SRAM 4 0B^^*1 f y 

o) • try fao 

^ J (DATA* I /O ■ AND ' MUX) 40Cia 

"h<o\ try h#jBi<ofcti;fcffl i/o (I/O * 1) -ii 

n2<D&jjm i /o (i/o- 2) srttE-rs 
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*g4ftffHB4 8 4 5 6 6 4t (198 9*7 MKT 4 T 
;V-?Z/ • v>3.=-Tib (Aichelmann, Jr. et al ) IC^J" L 

tcR«3*i/0*6J:5fc, «ife2o©tfy h*>2K# 
6) <^ff-§-DS Ci*U4, l*^*K9yhlcHlt* 

ro o (i/o-i) ^^-^ ^ v' t /H-i^ttJt S J: 5 l-t 
[0 0 2 8] ziT^mm^^rte, 

F^-l^s/h^l^ 1/1 1 

S«*HtHJB^P»«*W* (BU9-90-00D T**>a, m 

ti&mtlT K^* ' i/*?J* (Low Power Ad 
dressing Systems) i Lfe, l99O¥l2^20#t 
(Barth et al) K J: o X ffil * *l I B MttiCl 

[0 0 2 9 ] ^K^/^y - f ^'7-^7^^ 

[0 0 3 0 ] *»W^asit*KHiU*-r^^ft^l-«a 

9 (^m^^^DRAM^bECC^ttSRA 
^tlW cnttr-^^SRAM^bECCH 

[0 0 3 1 ] ECC^n^ 3014, ll^^ffi/* 
— K9fHE (DED/SEC) ^i^^rftS, ^r^S 

i4, mz>x\&mft=*x 

z<Dj&<nn^t<D\t&ttm<r>nm^^xte. 

Y^^^tDf^^C (article by N. Jarwala et al entitl 
ed 'Cost Analysis of On Chip Error Control Coding 
for Fault Tolerant Dynamic RAMs, * Proceedings of t 
he Seventeenth International Symposium on Fault-To 
lerant Computing, Pittsb. PA, July6-8 1987, pp. 27 
8-283) fe#BR*nfcl\ *H*0Jfc*3^TW:. *r~* 
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&>0, fifcoT, IROITiEI?— K (ECW) (D&Wt^X 
141 3 7 t* y hlcftot^So 
[0 0 3 2 ] |5l:/ftJ:?^ ECC^n^30 
14, 9oO^ Fn-A • ^ ^ 3 0 S 1^3 0 

-^3 0S l^tl^tT*?5«t5l-, .A 
• >/x^^li3K«»OR (XOR) *v>y 

<n%\& (IS) 14, flWtf^4A*XORy- /<? 

h^fetasnrir^. **:*2jR (2s) 14, *5*;ti> 

jftft (3S) I^H^4AAXORy-K^§ 0 
t3^'V?x^^30Sl~30S9li, ^<D7^tl 

1, 59, 59, 59, 55, 59, 60, 4 7,M 
56£LT&<5) £^5-£T-fc9, :ixiaoTii 

J:5lc3t^{cE?iJ$nfcXORy-htci:ot, 12 ^ 
8ior-^ ■ f y h o&>£ io(oS&i*o/^ y x-r 

- try H4, IKS^M^Mt^, E«2jftT 

^l/-^30S 1 Of 3»blffi^^^ try h 
j^l^y Fp-^ ■ try hf*>9 , Ko— A ■ 

bf y M4, 9tfy hW^yKo-^' 3 2 <Dtt1&-f- 

30S1-30S 9 0^0f l^AA^5lt» 
A* 14, nSiwf^'t^^^^^loOl J<5 

* i/-^^§(t*6f-^ ■ try f^^ii 

8 try h <D"f—? • K^^O^^^tS^*^ 11 

[0 0 3 3 ] • ^y:/^— *<B»2^*fT 4 

/^^icil 12 8 try F^f-^ - 17- K«r, wtf> 
^^■'J - f ^»I/0/^F^bSRAM^^^4 

^^^:^f-^ - KJ4, ft-WfxJ*--?^^ 

R E <7>5£_h t? ^ r^t'E CCv-^f^^^^^^tl 
T, ^yKB-A'S?i^^3 0Sl~30S9O 
A^S^A^nS* ^nb^Fn-A- 
v?x^l/-i?30Sl~30S9 O^A^SPO 3^0, 

£ 0 -eit^^x^ • try h3fti»fe$ixfcfeb " 
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14*, ^nbOfx y ^ * try H4i/V Fb-A • 3 

d r AM^SfWr-^i^o^^o ^br r.n 

yh Wbf-^SDL^ltDRAM 

cor t^'i'^fS^tiSo 

[0 0 3 4] *Btttttff4)i:*^ 128IO 
# ■ fc*y F^9i«tx^^ - try F^^bfi)t6E 

ECC^r^^fl^^tl^ l 3 7*of- 
^iDLi-iaitS. Jfe^RStfc, r.coi2 8t'y 

S^iaot, ^ff9f@o^^y^ • try f-£3££ 

-eixb l 2 8®tf>^-^ ■ t'y h***t0fc-*>7-3' 
^{C*#iiA/fc^^{C, ^bl 2 8i^f-^ • t^ 
H^o^T^«>tettL"C:^fc?-*y* ■ tr y b t<r>m 
(Dtk&ZffteOo rcDi±;g*l4, ^yKB-A'^*i^ 

r.C0ttgjO / ^m^^'r^> 91^^ Fn-A • try h 
14, g^^/y Fn-A • 7 ^fWt)^t^6 0 
:^)yy Kb-A • 7*— ^14 9 tT y h^y Kn— A • 
/^3 2l^l, ^rbT, :^Fn-A'f- 
^CD2it{fite, 12 8i^NORf/^^3 6 (HP^T* 
. tfy h lW^O^ li-JoONORr/M *) 

try hwtf^r (BP*>, go*?—* ' t*y M^A** 
^ «:) *bt<t5tftot^5. l 3 7«<OtTy hd»brt 
SECW^tlcBO^lotM^ £ *4 , 

*^ufc*afeo^* y ^ • try H4, m&<r-# - try 

y^ • try h ^IrIC^O^/^oT^^ , r.CD^'g'M 14, 

ftS, ^yFn^'^3 2 

14, ^Stfy hOttf^Tf9 t*y hOT F^flt* 

(1/12 8) £ffc*&U ttrttit5ffiil-*8N 
ORf3-^3 6^, BR 9 7 9^ ' ^y hEBS:»tt 
^ £C£lc:&5o 12 8fiONOR73-/3 6^fe^ 
^coffi^l4, 12 8i^XOR^F3 8[:^r, 1 
2 8iOf-^' ^^FO^^^t'XOR 
»®?P) ^^bix, Ctb^^oT, *>5r^^ ■ tTy h 

[c^bfc^^ try hEBMttftsnr^fc»di; 
14, *<n¥—9 • yfy b^ZL^-tZo ^ur, -tnfei 

2 8W2AAXORf^^ 3 8<D&*f>*b<Dmi3 
^, 1 2 8 tTy h^S R AMU^^Mt, ^Hl- 
J:oT, ^Dftt^f^^ ' tTy h^:^)SRAM^ 

50 [0035] mnmmt Lri4, v-^ Fb-A • v>^^ 
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U-^3 0Sl-3 0S9(O^(Z)XORy-hlj:, 

^or-fc^^, ^tb**^- KffiJE^-f (DCV 

S) Pv>^^^^6^jl^tt\ DCVSli 19 
86¥2^lC^!i7>f >b (Griffin et al ) l-3tt It 
^Iff ^tlfc7^S#fPm4 5 7 0 0 8 4^ (I^^H^fFO 

0 7liDCVSfO4A*XOR^0^i 
T^6 0 h7^^T2-T15iaot, 4A*X 

*) , :(D4AAXORCfi AT, AC^bDT, DC 

c, xrj«D^»ffliWift3S?p (xor) T-&>s^#m* 

h7>^^Tl6, T 1 7 , T 2 0 , Rt^T 2 1 

{ c x o r j£ j-a $ ti r ^ s -< y /< - * i: o r « ft l r , 

[0 0 3 6 ] DCVSD^^^^^ISlt i^'f 
3>ibT-&6 0 ISii&S l (cA^it-^ ■ tr^ h*r*tf* 

f y^E c cs&ssi * nft^ofciftlfto i oi:, * 

r^^*>ofco *Il#I^ECCli]S&{j:, DCVSnv> 
5:i^<*S!) HfctP^fliE^BS-rs ECC <Z>*U 
eccb^^^i o 0%©f ^ FSiittfeSi 

SRAM40CO-^40D^^LT, 9f@C0^ 
a: • fc> hfcflBUfclT J: 5 Cltl^ 

Kb-A' 3 2 JitciSfcbSttT^*^* sx* • 
try h^ritltr, h^co^^iy^ • tT ^ h^riff 

SRAM4 0D^bf-^«DLi^f ^^tf-i: 

* (x* h • ^ h/u) fcaftSLfc? 1 * • *y b* 

X^^rSa#^-^5C^^< , DRAM^SfO^^y * 



t), tuts' h*fc«£fcofcfcfc«, ZrtihmJjS'h 
r x j Kfr£tti"£>£^6#, #i- r u 

20 [0 0 3 7 ] £UlT*, ECC^n^30©|H«^T 
8-01 2«:#SUtBSt5o 

[0 0 3 8 ] tTsr K«l7!:**fi»^»ff«:RW-rS^o^ 

So the?3o(D5(*itt, 7l)T-*m (PDL) 

^RB^-*** (MDL) t, (DL) <h 

6 0 MDLI1 PDL tfl&PVL t&m&-&t-h(K\C 
2^yKOiIrtl:M^ntt^ 0 tt^PDLIl 

sir sax*:?- Ki»^#bra[A«cic*Lrv^**tixtt 

*:<D1L#>, PDLOft$li»^*</ior 

tti^ft^^ ^f?^^ i 6 i icir-j*'>Lt^6i 5 ^ 

(^Tl^^^t^^^^^o J^_hi^. Hi 5 [loot 
^ gjr*^or, 6o^^»tj:f iM (mi) tvhi, 
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HKfte-r«5£, MDLfiPDL^^^firDL 

[o o 3 9 ] Rtc»-<fc,fc ^K7^h^ 

1112 try h*ii*K0*f £ lt&>3 0 ^fthi i i 
2 *f<D5^£>l 6^ot> Hfc#a*, Mft*T? 

ft fc'y h»*KZ>53!m 3-2 £ftoT^5o 
[0 0 4 0] H8ii, e> h^S^rAo^u^^l 

T'^^o 4oJ)^|t t ^8^nj/HBLA, RB 
LB, RB LC, MRBLDlt <D*7 * V ? 

gfc* y h^"/n y ? If 5 Ltt, *^OT^^{ ■ y ^ 

[0 04 lU^F7yhlil3 9*(Z)PDLS:«^ 
t^So *tibl3 9*©H^> 137*OPDL 
ECW (ECWte 1 2 8{©CD-x~ ^ ■ h t 9<B 

6 e H8{C^-TJ: 5{-> ^ll^2*OPDL (RPDL 
1, RPDL 2) tti:^JC«l«Ufctt«^iBRUTfc 

[0 0 4 2]*^K7> htt3EM**Ot =l-X- 

K7V htcli^H-3 2 co^v^^r{gx.ri/^o 

X • ^V^I48i(Ot a-Xi:^^l^ B t a — X ■ 

[0 0 4 3 ] Sk±.<D\*y bK*m&<nftR&&>T<Dt& 
yx-tbZo gp*>, hfcffteo/tBR^* try h^^r 

5/ ^ co[r] — o^ijco»&/r R — <ottS{cA»S7tS t'y MS) 



*j-L, rtiWIt^h^TF'^^^y^Ft 

Jilt^So ^LT, *0>fttt*ofc. try h • 7 
ZcomtRt »-X • 4rSe*ffl-r. ^ti^t X 

5 0 ^tr, ^s^snfctry hi^T^r-^^ot 

*OffiMl4A^tiil4B^^tr, kfyh%*^ 
^ 'Jf3-yi6A*tttl6B^CSL. tt^^'i 
f3-^i6A, 1 6 BIS, !Si££nT£fc8ffiCDt: a 
-Xff l 5{@<5o:/y 7*=*- K4fcffl*fS#^8E* 
u ^Lr^nboffi^ff tr^ hTtSx^r y > 

^.^ny^lOA, 10 B^T3- KtSo 
[0 0 4 4 ] 19^, ^rT y V ^ ■ :/n v 2 1 0 A, 

0*l8tfttf = -^l 1 0 A, 110BI1 1/8 

-^I112A, 112BI1 1/I6f3-K*r* 

13, 1 3 7flMfi©f3^ 1 2A1, 1 

12A2f) 3ft«^*nr*3D, ttlb73-^lOl 
O^, PDL(Dl*<5oCi^^^Tl^o ^ttfel 

oaii ^ y ^^-^ l 6 Ad»6>a6WSix« i siof 
Kt^r^aot, «*0^^-^l 1 2 

AO, ±:fa80(7>x^-" ^5 %<Dl£<nmft7 H f U>^ 

l:3Tllti^Sf©7n-/ii2All ^y-^- 
ftO, Wia^t (1 3 7{@<7>) "f^ — ¥<r> o ~hfr 
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[0045] llOlt U»^f3-yi 1 
CD 1 OOt^ — ^ 1 1 2 A 1 &f£#m-^ Ufc t> ^T*&> 

fcn tzmfr-rvtmr-hz) ^n. tl^pdl (rpd 

iMTTPi^^->tyiri^:^l:i:oT, R 

t-Z>, h7^^TTN 1MTTP ltf^y^O 
££T-&5-#T% f>7^^TTN2^TTP2 

i^-ytyiri^i; ?tc-f5r. <hici:oT\ pdl 

[0 0 4 6 ] J£A±MK93 ^> h%I^fAi:^^ 
Ttt, 1 3 7^WMD Llj:, 17 — KTlS is* X A 2 0 £ 

- coy- KTLftv^x AiCOt^T, ^tlJ:^ill^i 

[ 0 0 4 7 ] V- K7L**J*wr 2 0fc\ 24*0 

19 , ^nbO!7- KiXtf^y hlfcW:, DRAMOTU- 

[0 0 4 8] ^y^±0, ^(7>7Cfi!7- k»t i^>r 2 0 
S^lf::i:iaoT, «JlM*J&*[H]-hLT*5?K ^O 



* K9> hCD&>£4#^o-t?^;>< ^ hrtfcJgriEUfci^J: 5 

[0 0 4 9 ] tyf^ECCil^ttSHCtM 
70 -fj;?^ #5il!7-FiRWLO, RWLK1 # tf 

5/ hlS-ho;**- y • t;n:^irt^ 0 ^or, 
-K*l*, '^VMt n-tt«fc*rlB*bT^6 2oO 

-coffin Jcir ^ h ^ix5o ^o^lcKLTIS, * 

^ (DfllfiK^Ctt, 7/^ r l j t7/KO To J fc^-fe^T 

jo [0050] ^iitt^gOTcMttil ^ 

(D*fi)t«cd3tf6t>«>tHI«i:br*>*. EP*>, ll 2(c 
X»!7^ K»©7 K 2 4 t a- 

X-^2 2A V 2 2 B CO 5 "fcO 1 OJClatS J: 5 

A —x • ^-n*, ^i#7K^stiws, 

n*:I7- K«»c+t*.r7C*^- Ki^fflt^fMW 
U^ctr^^ St^e a — X - co 

^a^jc, • t u^r co^r-n^rt^ ^ h 

50 Sfn-K^iOt^hSf^-K^fTt, ^nc 
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z. KoHKi ir«*B s#ftt>± 
9, *nm:or!7— K7H*r u-f ^fefcartr^a i 3 7 

^ — 71/ h - h 7 (7)fc fe(7)ffli3!!ft^ft b tl 

^totfcD, :oI*fti»ttt, iocoECW6o 

^DED/SEC^ril ^GDECW£rfTIE-f 
^ifti^^5Ctt*5o ;:<a BBS £11 
<£>;5i£01 oft, t'^SH^^-f^f^f^a^ 

L;fc#<&M*>, tilb^SHttloiDECC^'-Ff©* 

(DECWO*^2iEl±^a»^»4tS«l$«:tl-»lc 
^^fci::^ 1 6 \Zy b(D**r y co^{c4 2 

10(01 3 7 fcV hcr>^«9fTiE^F#!7— KO* 

yyr<DfsiE&E cc<z)^J:ortT^ 5 c £ 3) 

£A_b£^5 ^i:l:4So C*Uc*t LT, \m<D^y^\z 
10 0 offltoSfeB^^e y ■ ^fr&J>#Mz.m£rtZ>lfc 

<, *oT#gn2%i:4otL*5o 
[0 0 5 2 ] :^"?RBlfcf y^tt, BOOiE*** 



[0 0 5 3 ] Hl3l^tJ:}t, KD»TIE*?-f§-lHJii&& 

as^^y^A^ts^i^^^s 19 ^ 5 o % 

fi^-£Tm % Sfcfetf* f y7 p li*>fc!3¥*S2 7 2 5 
io|-t^W7 y^Ai^itSttl^^r 5 

[0 0 5 4] |£1^D<, :»f^l^4o^)^F7 

i^^co/h^ ^7j5tr-) J: 
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12, ip^4 0 l 6ffl©$— fe/vB8^S4t5^^ttI 
^Ttt, 7C*!7- Ktttt, Bi»7l/^itt^^y • 

£ CO £ 5 £ L,fc%« ? - K»£>#*g 9 OM£ 10 0 %T* 

lift M4<aft±f*»*WfcM^*#o£ * fcfcS. 
[0055] ECC30 iaoTf"^ • tf s> h OfTlE 
£fT&ofcft>b, ^rCOrriE^^E CW^rSR AM4 0 — 
Isii-r^o SRAM40ttlX144eyhOr^' 

ft, 4{@OT : V^^^>b^:5^ (01 
4C40 At'^lf:) T-&>£ 0 il4{^TtJ:5l-, S 
RAM 4 0^*/^lB«^S»3l^lll*:R3ei"*-^« 

Z.(D^yrf(D^t>h (WDC^WDT^^U) 
RSt5^^t)t-*, ECC©fflWb (SR 

otl^ 9 Kictt, S R AM 4 0 ^>t^f - ^ SrSHi 
ECC^ (CAi:TA^^tt) iiffit^^^: 

t>, ffl^jtr^^ (ttJ^fGS ro^t^t it) mtti-tz^t 
t>, ^ftit)^Ii^t^s 0 :osRAM^»ot 

(ClT^S (il4C^^T, f ^^t^f^/K-^i^ 
Kft*ttDECW"C*>5 , «fctiL*>r */HC*3tf 
Sfn-FWDECRWDECR' T*&»&) „ 
[ 0 0 5 6 ] SRAM40I1 i^ltECW^T^ 



o^^5 i^r-fcs,, gp^. 1 2 8^0^-^ ■ try h 

/t*H«?FfM 8 4 5 6 6 4-»fcEttS*lTI^*T*-fe 
^ . *™ Fw^Sltfy hmti^- K«r, 

OfdlOfttf^ — K60 1 old, v> • ^ 'J 7 • K** 
BPfe, ^"H-. - OSR AM(^S3A 

R E SHAMIR UfcP- F*Sr**3L, C 
ASI^lcttSMlLfcE CW^S^t J: 5«c-rSo 

l#t<0-<— i?o>y£y Hfc«36 S3 F5tHt"tf*>5 

oO^F'7yh (4^^f^s/h) {co^rot^fc 
So ^s/^flctc^ttSx^ hWra^ffiWl*. 12 8X 
4, IPfe5 1 2^^1 CftSo 

[0 0 5 7 ] ^U^H 3 ICML, I /O^n 5/^4 

30 ir-SBJ t /^»^- K ^ 1 5 I ^ 

■ K^^f^ (OCD) ^-a^ttT^S. ^fci, ^rHi:* 

^ (CMOS Driver Circuit ) J £ bfc, 1 9 8 9^10^ 
1 0 SWT* Kl^>f ^ ^> (Drake et al ) ^ffill I BM 

m^mmisf^m^ftm^ 4 1934 i*{cis*^n 

tt, — /KW^^ft^ffl^^Cft^K^S J: 5 Itt) <fc 

«:«^-W^It^5 J: 5ttta3 5 , W^t, /cff 
1 ooS^wv' y ^^fnT^^:co®j^^e— K^t^- 

5(? J*, riOf-^^SrWftUfc^y^ — ^^JS^T**^^ 
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It, W*tf h ^ • F\ KiS^^ " * 
Htjo, ^M*-:/^ft#CEXU<!7- F ■ TOMS 

imi»i:2oa±o»tt*-Kt? (fc^L^nfe^ft^ 

5o IWfttf^ — F -7F^' t* * — ¥&T F 

tftiaot locoftft^- KtlRtS «t 
£ 0 BP^k ^gffi^tit^F-TF>^*fn- 

ya*, 0 3co r^— ^ i /oM^f^^^ v^v^j 
v 9 <z>»fE«r, a«*Jh/fc»fMr~ f 

ri^ht'M^^ te-ffftbK, KftfW^e— F£ 
13, /^F^SRAM^^^-7x-{^t^nv ; y 

[0 0 5 8] EUitStt-t-Sfcfetf, rm** fcTyh 

ttrii, 17 — FiSlftg^*^^*'*^^ hift<rW 
«rt*5^»£ LTI^, u— frWSL&y frW$Lh1r%> X 0 
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[0 0 5 9 1 tt^»-<fcJ: 3t-> **WoK0Hia^^ 

<7>3t*[s]i& (WtSSRAM 
» SrJB^T, ECCWlK^fA- L.^fSIt 

tr-/^* h • F£«r^*-*"6- 

6o il^UaM-, ^0^F7>h^^ 
ECC^d^30I1 rO^y^GO, ^ECC^n 
3 0 £il^^M^iai»^*SiXTl^ftV^«*«-flf* 

^3011 ^<7>ffii(D3taEIK«-3tl»«:*fc-*"-^*< 

MD L OtH**a«S R AMOAA^fi^t S <t 3 

[13] ^^s^o^^e y • r — ^x^^^^^^ 
[041 ^^M<D^^eV - TKo^i h^^j-co 

[07] l5Mi6(OECC^f^:ffl^rv^$, 
4A^DCVS • XORO0^it*^6 o 

[08] #«93*>tf5> h^f^fA^n^ir-*) 
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[19] tt«<D««rtt«(Ol»^»IKU»***^*** 
OPDL^ 7CS P D L t Sr*ft*»MD L 

[Biol B^Ss^Tffl^T^S;*'* y^0K£>ElK 
[Hi 1] KiKftTWOl h*» 

[Hi 2] #«K<*>!7 — YWKAT \s-<<D^u y?mx~ 

[Hi 3] *s§^cos^^y tH]nsfe^^t?a^^^ 

[|14] «0J<7) S R AMCOlSM/KD ? ^(7) 1 O 

[us] m i co^ ^ y -7W co— sp^(o_bffiH^a> 
[H6] ns^^y • ri/^o-w»^i^ 

<5 o 



70 
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1 0 A, 1 OB 

1 6 A, 1 6 B 

2 0 7— K7C*7 r W 

2 2 A, 2 2 B t a— X ' ^ 

3 0 KOfTIElHJiS (ECC) 

4 0 S R AM 

5 0 I/O^yF 
100 /^y 

110 A, 110B *f^ — ¥ 
112 A, 112B *f^—¥ 
E CW M DfTIE!7— K 

PDL ^ yf-^I 

MDL "^fB^— 
DL '£rf—$fa 
RBLA, RBLB 

RWL 0 , RWL 1 



RBLC, RBLD TCft fcf S> h 



[Hi] 



(a) 



100- 




(21) 
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[12] 



64A 



G4B 



Bl 



51 — 
SA1 — 

52 — 



52 



S3* 



IT 

\ 

n 



S4 — 



B3 



55* 



5R3 



B4 



57 — 

58 — 



30 

4a 



-UL— > 



t 

BL 

i 



20 



7- K HTM 



ECC 



0UfiD3 
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[03] 



1/4 BLOCK 
SELECT 




ROW 
PRE DEC 


A9-A8— 



CE 



CE 
PHASES 



P X-COUPtE | j \ ? X-COUPLE 








.B2 




Jl t Pit; //f*7Pv; 
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